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1. Introduction
The production of palm oil and its products has increased
rapidly in the last decade due to high demand following the eco-
nomic growth, especially in developing countries including China,
India, and Southeast Asian countries [1]. This has led to a massive
expansion of palm plantations leading to some associated environ-
mental problems, especially wastes [2]. In palm oil production,
only about 10% of the whole palm tree is currently utilized in
any significant way [3]. The wastes include both liquid and solid.
Generally, palm oil mills require a huge amount of water, and in
turn, dispose of large quantities of wastewater called palm oil mill
effluent (POME). POME is the largest byproduct of the process, with
no specific commercial application. It contains about 95% water
and 5% solids. POME is acidic and has both high biological oxygen
demand (BOD) and chemical oxygen demand (COD). Therefore, the
discharge of POME without sufficient treatment represents an
environmental hazard. As a result, POME treatment has b
the primary source of environmental pollution, which in
high emissions of methane (32.9 kg-CH4 t-POME1) and it
nutrients to water and soil [4].
Solid wastes are also generated during the milling p
which consist primarily of empty fruit bunch (EFB, 23%
(12%), and palm kernel shell (5%) [5]. Among them, EFB ge
has the lowest economic value for reuse. It has a relative
moisture content of 60–70 wt% on a wet basis (wb) [6], lo
density, and non-uniform shape [7]. It requires additiona
ment, such as cutting and grinding, before being used. E
byproduct of the fresh fruit threshing process to detach th
fruits.
The treatment of wastes at palm oil mills is very importan
both environmental and economic standpoints. Some deve
countries demand strict environmental controls. Therefore
oil production must be environmentally sustainable if expo
to be feasible. Accordingly, new environmental friendly tec
gies are vital and urgently required. Alternatives for use o
and liquid wastes include energy harvesting, industrial m
and fertilizers. However, high transportation and labor co
greenhouse gas (GHG) emissions have become barriers to th
lization [8].
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gy-efficient utilization of both solid and liquid wastes from palm oil mills,
r generation. It includes the integration of a power generation system using
alm oil mill effluent (POME). The proposed system mainly consists of three
ME digestion, and additional organic Rankine cycle (ORC). EFBs are dried
el with high calorific value through integrated drying and gasification pro-
converted into a biogas fuel for power generation. Biogas engine-based
erating both electricity and heat. The remaining unused heat is recovered
ectricity. The influences of three EFB gasification temperatures (800, 900
n module; and working fluids and pressure in ORC module are evaluated.
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Finally,
8.3 MW
served.
ecome
cludes
s solid
rocess,
), fiber
nerally
ly high
w bulk
l treat-
FB is a
e palm
t from
loping
, palm
rts are
hnolo-
f solid
aterial,
sts and
eir uti-
